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1 Introduction 



The b — !■ sss transition, inducing many non-lcptonic charmless B meson decay processes such as -B ^ Ks4>, 
B — > Ksrjii]') and B K*(j), has attracted much interest because it serves as an ideal platform to probe 
the possible new physics (NP) beyond the standard model (SM). However, the kind of transition involving 
a scalar meson have more ambiguities due to intriguing but mysterious underlying nature of scalar mesons. 
In the spectroscopy study, there are two different scenarios to describe the scalar mesons. The scenario-f 
(SI) is the naive 2-quark model: the nonet mesons below 1 GeV are treated as the lowest lying states, and 
the ones near 1.5 GeV are the first orbitally excited state. In the scenario-2 (S2), the nonet mesons near 1.5 
GeV are viewed as the lowest lying states, while the mesons below 1 GeV may be viewed as exotic states 
beyond the quark model such as four-quark bound states. Under these two pictures, many B — > SP modes, 
such as i? ^ foK, induced by 6 — > sss transition have been calculated in both QCD factorization (QCDF) 
approach [2 H] and perturbative QCD (PQCD) approach [31 131 [51 [S] . Within proper regions for the input 
parameters, many theoretical results could agree with the experimental data. 

In this work, we will study the B (1430)(/> decays in the perturbative QCD approach [7]. On the 

experimental side, the branching ratios oi B ^ A'q (1430)0 have been measured with good precision [8l[9]: 

6(# ^1?*°(1430)(/)) = (4.6 ± 0.7 ± 0.6) X 10-6 , (1) 
B{B^ isTo^ (1430)0) = (7.0 ± 1.3 ± 0.9) x 10"^ , (2) 

where the result for the neutral channel has been updated as [lOj 

6(# ^ i?o°(1430)(/)) = (3.9 ± 0.5 ± 0.6) X 10^6 . (3) 

Compared with the B Kef) decay [11] 

B(^^K%) = (8.3l}:g) X 10-^ (4) 
BiB^ K^cj)) = (8.30 ±0.65) x lO"'' , (5) 

we can see that the decay channels with a scalar meson in the final state, B /-Cq (1430)0, seem to have a 
bit smaller branching fractions. In Refs. [121 [13], the decay B K^^ (1430)0 has been studied within the 
framework of generalized factorization in which the non-factorizable effects are described by the parameter 
N^^ , the effective number of colors. The predicted branching ratio (BR) varies from 10"^ to 10"'^, depending 
on the different values for N^^ . Without the information for non-factorizable effects, one cannot make a 
precise prediction of the BR. The QCDF calculation of this and other modes has also been presented in Ref. 

Q 

|14| . and the predicted central value of B{B (1430)0) deviates from the experimental data, though it 

can be accommodated within large theoretical errors. It is necessary to analyze these channels in the PQCD 
approach with different treatments for the matrix elements of the four-quark operators, which is helpful to 
probe the structure of the scalar meson model-independently. 
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The layout of the present paper is as follows: In Sec. Owe introduce the input parameters including 
the decay constants and light-cone distribution amplitudes. The factorization formulae in the perturbative 
QCD approach are given in Sec. 3. Numerical results and discussions are presented in Sec. 4. Summary of 
this work is also given in Sec. 4. 



2 Input Parameters 

In the B meson rest frame, the B meson momentum Pi, the (p meson momentum P2, the longitudinal 
polarization vector e^,, and the kaon momentum P3 are chosen, in light-cone coordinates, as 

^ {l~rl,~rl,OT), (6) 



V2r, 

with the ratio = 'm<f,{K*)/MB, and m^, rriK* being the (f> meson mass and Kq meson mass, respectively. 

The momentum of the light antiquark in the B meson and the light quarks in the final mesons are denoted as 
ki , k2 and respectively. Using the intrinsic variables (momentum fractions and the transverse momentum) , 
we can choose 

fci - (0,xiP-,kiT), fc2 = (2:2^2^, 0,k2T), /C3 = (0,a:3P3-,k3T). (7) 

The decay constants of scalar meson are defined by 

{S{p)\q2jf,qi\0) = fsPp. , {S\q2qi\0) = msfs, (8) 

where the decay constant fs of the vector current and fs of the scalar current are related by equations of 
motion fJ-sfs = /s: with /_ts = . The parameter 7715 is the mass of the scalar meson, and mi, TO2 

are the running current quark masses. Inputs of the scalar mesons in our calculation, including the decay 
constants, running quark masses and the Gegenbauer moments defined in the following, are quoted from 
Ref. [g. 

For the scalar meson wave function, the twist-2 light-cone distribution amplitude (LCDA) (j)s{x) and 
twist-3 LCDAs (/Jsi^) ^^^d (jjg for the scalar mesons can be combined into a single matrix element: 

{K*o + {p)\u0{z)s^{O)\O) = da;e'^^"^(750^.+ (x)-f 77150^.+ (^) + ^™sW^z^0^.+ (x) j 

V6J0 [ " «o 6 «0 J 



= -i=^'dxe'^^'-^|/50^.+ (x)+ms<^^.+ (x)+ms(#-l)<^^.+ (a;)| ^, (9) 

where v and n are dimensionless vectors on the light cone, and n is parallel with the moving direction of the 
scalar meson. The distribution amplitudes (f)K*{x), (pfc'i^) ^'^'^ 't'K'ix) are normalized as: 
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and (j)]^, {x) 



l_d_ 

6 dx 



(j)'^.{x). For the meson, the decay constant /a-* has the opposite sign with that of 



the /Vg meson. 



Under the conformal spin symmetry, the twist-2 LCDA (f>K* (x) can be expanded as: 

oo 

-6x{l — x) 



Ik* ifJ-) 
Jk- (m) , 



2V6 



l + M5^i?™(M)C^/'(2a;-l) 



m—l 



(11) 



where Bm{fi) and Cm^{x) are the Gegenbauer moments and Gegenbauer polynomials, respectively. The 
Gegenbauer moments Bi , of distribution amplitudes for and the decay constants have been calculated 
in the QCD sum rules [2] as 

51 : Bi =0.58 ±0.07, B3 = -1.20 ± 0.08, /a- (IGeV) = -(300 ± 30) MeV; 

52 : Si = -0.57 ±0.13, S3 = -0.42 ± 0.22, /a* (IGeV) = (445 ± 50) MeV. (12) 

All the above values are taken at /i = 1 GeV. 

For the twist-3 LCD As, they have been promoted in the Ref. [15] with large uncertainties, so we take the 
asymptotic form in our numerical calculation for simplicity: 

fs ,T/ \ fs 



rsix) 



rsix) 



= (1 - 2x). 



2V6' 2^6 
Up to twist-3 accuracy, the vector meson's wave functions are collected as 



Q/3 ■ 



(13) 



(14) 



for longitudinal polarization. The distribution amplitudes can be parametrized as: 

(a;) 



^x(l-x) [l + alcl^\2x~l) 
2V6^ ' ' 



^^^(l-2x) 



(15) 



2V6 

with the Gegenbauer coefficient 4'^(lGeV) = 0.18 ± 0.08 [TCj . 

Since the B meson is a pseudo-scalar heavy meson, the structure (7^75) and 75 components remain as 
leading contributions. Then, $5 is written by 



(16) 



where Pb is the corresponding meson's momentum, and (f)^' are Lorentz scalar distribution amplitudes. 
As heavy quark effective theory leads to (j)g ~ Mb4>bi ^ meson's wave function can be expressed by 



<PB{x,b) = ^[(fB75) + MB75] <pB{x,b)- 



(17) 



For the B meson distribution amplitude, we adopt the model 
(I)b{x, b) = Nbx'^{1 - xY exp 



1 (^xMb 



LOB 



colb^ 



(18) 



with the shape parameter ujb = 0.4 GeV, which has been tested in many channels such as i? — > tttt, Kit [7]. 
The normalization constant Nb = 91.784 GeV is related to the decay constant /b = 190 MeV. In the above 
model, (pB has a sharp peak at a; ^ A/Mb ~ 0.1. 



3 Analytical Formulae 

In the PQCD approach, after the integration over kf, /c^, and , the decay amplitude for B Ko4' decay 
can be conceptually written as 

A ~ I dxidx2dxzbidbib2db2bzdbz 



X Tr 



C{t)^B{xiM)^^{x2M)^K', {xMH{x^M. t)St{x,) e-^(*)l , (19) 



where Xi are momenta fraction of light quarks in each meson. Tr denotes the trace over Dirac and color 
indices, C{t) is the Wilson coefficient evaluated at scale t, and the hard kernel H{ki,k2,k^,t) is the hard 
part and can be calculated perturbatively. And the function <I>a/ is the wave function, the function St{xi) 
describes the threshold resummation which smears the end-point singularities on Xi, and the last term, 
g-s(t)^ is the Sudakov form factor which suppresses the soft dynamics effectively. 

In the standard model, the effective weak Hamiltonian mediating flavor-changing neutral current transi- 
tions of the type b s has the form: 

^<=// = ^P^^Ps (^lO? + 020^2 ) - VtbVZ ^'O.J , (20) 



p—u,c i—3 

where the explicit form of the operator Oi and the corresponding Wilson coefficient Ci can be found in Rcf. 
|17j . T^(t)b, Vpi^tys arc the CKM matrix elements. According to effective Hamiltonian we draw the 

lowest order diagrams of this channel in Fig. [TJ 

We first calculate the usual factorizable emission diagrams (a) and (b). If we insert the {V ~ A){V — A) 
or {V — A){V + A) operators in the corresponding vertexes, the amplitude associated to these currents is 
given as: 

/>! />oo 

i^e = -87rC_Fmjj/0 / dxidx^ 62^63 05(2^1, ^i) 

Jo Jo 

(1 + X3)(j)Ks{x3) + rK^{l - 2X3) (j^K'i^s) + (pK-ixs)^ a{ta)E^{ta)he{xi, X3MM) 

+ 2rK; (/.|. (xg ) a(t6 ) (t f, ) /le (xs , , 63 , 5i ) I . (21) 

In the above formulae. Cp = 4/3 is the group factor of the SU{3)c gauge group. We will use the same 
conventions for the functions hp and Ee {t') including the Sudakov factor and jet function as those in Ref. |18j . 
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Figure 1: The leading order Fcynman diagrams for i?+ ^'^a V decay in PQCD approach 



The [S— P){S+P) operator does not contribute to this decay as the emission particle is a vector particle. For 
the non-factorizable diagrams (c) and (d), all three meson wave functions are involved. For the {V — A){V — A) 
operators, the result can be read as: 



327r 



zCprn^B I dxidx2dxz / bidbi b2dh 
Jo Jo 



{X2 - l)(t)Ks (xs) + rK*X3 ^(/)|. (a;3) - 0^. (0:3)^ 



■2 (l)B{xi,bi)(t>^{x2) 

a{tc)E'^[tc)K{xi, 1 - X2,X'i,bi,b2) 



(2:3 + a;2)(/)i<-j(a;3) - r^.^a U;^. (xa) + 0^.(x3)j a{td)E'^{td)hn{xi,X2,x^,bi,b2)> ■ (22) 
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For {V — A){V + A) and the {S — P){S + P) operators, the formulae are hsted as: 
327r 



M. 



LR 



/•l poo 

zCpnig / da; 1 dec 2 da; 3 / bidbib2db2 
; Jo Jo 



4'Bixi,bi)r^ 



(1 - a;2)</)if-(x3)(0l(a;2) + ^'M) + tk- q^lix2) (xa - X2 + IWkAxs) + (x-i + X2 - iWxAxa) 



4'l{x2) [xz +X2- l)<^i.(a;3) + (X3 - a-2 + l)(fK'{xz) 



+ 



a{tc)E'^{tc)hn{xi, 1 " a;2, a;3, 6i, 62) 



a;20K*(a;3)((/>0(a;2) - 00(a;2)) - r^. 0^(x2) (a;3 + a;2)(?!)K- (-^a) + (2:3 - a;2)(/)K5 (2^3) 



+ 00(a;2) (2:3 - a;2)(/)i. (0:3) + (2:3 + X2)0^. (xs) 



a{td)E'^{td)hn{xi, X2, X3, 61, 62) > , (23) 



7W 



SP 



327r 



CFrn^B I dxidx2dxy, I bidbih 
Jo Jo 



2^62 (t>B{xi,bi)(f>^{x2) 



a{tc)E'^{tc)hn{x 1,1 - X2,X3,bi,b2) 



{1~X2+ X3)(t)K^ {X3) - rK^Xs (^^Ij {xs) + (j^K^^ (xs) 

+ -X2(f>Ks{x3)+rK*X3(^(l)^,{x3)-(j)]^,{x3)j a{td)E'^{td)h„{xi, X2, X3,bi,b2)^ , (24) 

Diagrams (e) and (f) are the factorizable annihilation diagrams, and the {V—A){V—A) kind of operators' 
contributions are 

pi POO 

F^{a) ^ -8TrCF?n%fB / dx2dx3 / 62'i&2 ^sc^^a 
Jo Jo 

{x3-l)4>K^^{x3)(l3^{x2)-2r^rK^ (^(^3 - 2)0|-. (^3) - a;30^. (^3)) (l3l{x2) a{t^)Ea{te)ha{x2,l-X3,b2,h) 



X2(l)K-^{x3)(j)^{x2)-'2.r^rK^(j)'^i^,{x3) ((^2 + l)0^(a;2) + (a;2 - l)4>*^{x2)) a{tf)Ea{tf)ha{l-X3,X2,b3,b: 



(25) 



and the result from {S — P){S + P) currents is: 

/•l poo 

Ea^ [a) = \QTTCFm%fB / dx2dx3 / 62^62 ^'ac'^a 
Jo Jo 

X < 2r^cj)K* [X3)(j)''^{x2) + TK* {X3 - 1) {(j)K^ [X3) + cj)^. (^3)) 00(2^2) a(te)Ea(te)ha{x2, 1 ^ a;3, 62, 63) 



2''ifo*'^^o*(^3)</'0(2;2) + r^X2 {(t)l{x2) - (t)l{x2)) 4'K*ix3) a{t f) E a{t f)h a{l ~ ^3 , a;2 , 63 , 62) Y (26) 



7 



The last two diagrams in Fig. [T]are the non-factorizable annihilation diagrams, whose contributions are 
327r 



zCpfn^ / dxidx2dx3 / feidfei 62'i&2 0b(2;i, &i) 
Jo Jo 



X2(t>K'{.X:i)4)^{x2) +r^rK'(t>%{x2) {{xz - X2 - 3)01:. (Xs) + {X2,+X2 - l)0K-(2;3)) 



r^rK*(j)l{x2) ((xs + X2 - l)0f^.(x3) + (2:3 - a;2 + (xs)) 



a{tg)E'^ {tg)hna ixi,X3,X2,bi,b2) 



{X3 - l)(l3K^ix3)4'4,{x2) - r^rK^4>*^{x2) [{X3+X2 - l)(t>K^^{x3) + (-0:3 +X2 + (2:3)) 



r4>rK'^(j)%{x2) ((xs - X2 - l)0|.(a:;3) - (2:3 + 2:2 - 1)0|^.(2;3)) 



a{th)E'^{th)h'^ai.xi,X3,X2,hi,h2) \, (27) 



327r 



/■l poo 

zCprng / dxidx2dx3 / bidbib2dh 
Jo Jo 



'2 4>B{.Xi,bi) 



{2~X2)r^(t)K:^{x3){(l)%{x2)^<t)l{x2))+{x3 + l)rK'^{<t)li*^^^^ 

<I>4>K'^{X3) {(I)%{x2) + 4>*^{x2))-{x3-l)rK^ {4>K^{x3) - <^^.(a;3)) 00(2:2) 



X2r, 



a(tg)E'^{tg)hnaixi,X3,X2,bi,b2) 

a{th)E'^{th)h'„^{xi,X3,X2,bi,b2) 



By combining the contributions from different diagrams with corresponding Wilson coefficients, one 
obtains the total decay amplitudes as 



AiB^Ko (1430)0) = V;,Vts<^F, 



03 + 04 + 05 - -(07 + flg + flio) 



C3 + C4 — -Cg — 2^^" 



M, 



LR 



Cs - -C- 



LL 



1 



-M, 



LL 



C3 ~ -jCg 



F, 



SP 



0.6 - 2*^8 



Li? 



C5 ^ ttC'v 



SP 



(29) 



^(S+ ^ is:o+* (1430)0) 



VtlVtAF, 



as + a4 + 05 - 2 + 09 + aio) 



+M, 



LL 



C3+ C4— -Cg — 2^10 



M. 



LR 



+ Af 



SP 



- 2^8 



[04 + aio] + F^"- [ae + as] + A^^^ [C5 + C7] + A'/^^^ [C3 + Cg] 



'V:,v^AFi 



LL 



C2 + 3C1 



+ A/f-^C 



(30) 



where C^ are the Wilson coefficients for the four-quark operators and ai is defined as the combination of the 
Wilson coefficients: 

Cj±i 



a,; — d 



(31) 



for an odd (even) value of i. 



4 Numerical Results 



The CKM phase 7 is defined via 

Vuh = \Vub\e-'\ (32) 

and the CKM matrix elements that we used in the calculation are \Vub\ = 3.51 x 10^'^, |y„s| = 0.225, 
Web] — 41.17 X 10~^ and \Vcs\ — 0.973 [19]. Moreover, we employ the unitary angle 7 = 70°, the masses 
niB = 5.28 GeV and = 1.02 GeV. The longitudinal decay constant of could be extracted through the 
leptonic ^ e+e~ decay pp] 

T{^^e+e-) = (33) 

3m^ 

which gives 

/0 = 215 MeV. (34) 
For the transverse decay constant, we use the recent Lattice QCD result [5T] at 2 GeV 

fT 

= 0.750 ±0.008, (35) 

J<P 

which corresponds to /J(l GcV) = (178±2) McV. The (B-) meson lifetime Tgo = 1.530 ps (r^- 1.638 

ps) [20]. 

With the above input parameters, the B A'g form factors are given as 

^^i(g^ = 0) = -0.42t-™;ro?, SI; 

F,{ci' = 0)= 0.73t0;0«;™j^, S2; (36) 

where the first two uncertainties are from decay constants and the distribution amplitudes of the scalar 
meson, and the last uncertainty is from the ujb in the distribution amplitude of B meson. The decay 
constant in S2 is larger than that in SI, and contributions from the two terms proportional to Bi and Bt, 
are constructive in S2 but destructive in SI. Thus the result for the form factor of B ^ Kq in S2 is almost 
twice larger than that in SI. Compared with the previous study of transition form factors [22] , we can see 
that the present results for these form factors arc a bit larger due to a weaker suppression for the endpoint 
region from the jet function St{x). 

The total decay amplitude for B+ i4'g^(1430)(/) can be written as: 

A = V:,VusT - V;,VtsP = V:,VusT[l + ze'(^-^)] , (37) 

where z = |Vj^Vts/Vj^*j,T4s||-P/T| and S is the relative strong phase between tree diagrams (T) and penguin 
diagrams (P). The decay width is expressed as: 

T{B+ ^ if*+(143O)0) = ^^\A\' = 32^'^"" ^"^^''[^ + + ~ ^^l' ^^^^ 
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Similarly, we can get the decay width for B (1430)(/), 



where 



TiB- ^ if*-(143O)0) = ,^:^\A\', (39) 



A = VubV:,T - VtbV*P - VubV:,T[l + ze'(^+T)]. (40) 



From Eqs. (|38p and we get the averaged decay width: 

^ - -i\A\y2 + \A\y2) 



= :T:5^lKlK.,Tni + ^2^2zcos7Cos,5]. (41) 

Using Eqs. ([55]) and ([5^ . the direct CP violation parameter is defined as 

j^iir ^ r(g- ^ j^*-(143O)0) - r(j3+ ^ Jr*+(1430)(^) ^ 2zsin7sin^ 

r(B- ^ ii-*" (1430)0) + r(B+ ^ /l'*+(1430)^) l + 2zcos7Cos5 + z2' 

Since only penguin operators work on the neutral decay mode, there is no direct CP asymmetry in the decay 

B^ — > isrQ°(143O)0, and its branching ratio can be calculated straightforwardly. 

Using the parameters, we get the branching ratios in scenario 1 (SI): 

B(B° X*°(143O)0) = 3.7 X 10-^ 

B{B^ K*^(U30)4)) = 4.3 x 10"^ (43) 

while in scenario 2 (S2), the results are: 

B{B° K^°{U30)(I)) = 23.6 x 10"^ 
S(S± ^ K*'^{U30)(f)) ^ 25.6 X IQ-^ (44) 

From the above equations, we can see that the branching ratios in S2 are about 8 times larger than those in 
SI. There arc three main reasons: (i) the larger decay constant in S2; (ii) contributions in emission diagrams 
from the two terms Bi and B^ are constructive in S2 but destructive in SI; (iii) the annihilation diagrams 
could cancel the contribution from the emission diagram. This kind of contribution in annihilation diagram 
is proportional to B^. The larger value for Bg, in SI will results in more sizable cancelation and the branching 
fractions are correspondingly reduced. 

To be more explicit, we present values of the factorizablc and non-factorizablc amplitudes from the 
emission and annihilation topologies in Table. 1. As expected, the factorizablc amplitudes are the largest, 
however the annihilation magnitudes are only few times smaller than that of factorizablc emission diagrams. 
The non-factorizable amplitudes are down by a power of A/ Mb 0.1 compared to the factorizablc ones. 
The cancelation between the twist-2 and twist-3 contributions makes them even smaller. We demonstrate 
the importance of penguin enhancement in the Table. 1. It has been known that the RG evolution of the 
Wilson coefficients C4fi{t) dramatically increases as i < mb/2, while that of Ci,2{t) almost remains constant 
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Tabic 1: Decay amplitudes for B K*+{U3Q)cl) (xlO^^ QeV^) 



B+ (1430)0 


Fe 




^ a 


Fa 


Ml 


Ma 


SI 


-13.4 


-0.3 + iO.O 


-1.0-i4.0 


8.1 + i4.0 


-2.8 + i3.0 


0.2 + iO.O 


S2 


20.4 


-0.8 + i0.9 


0.4 + i0.8 


-7.1 -zl2.0 


9.3 + i2.1 


-0.3 - tO.2 


B° ^^(^0(1430)0 


Fe 


Me 


^ a 


Fa 




Ma 


51 


-13.4 


-0.3 + iO.O 





8.3 + i4.0 





0.2 - iO.l 


S2 


20.4 


-0.8 + i0.9 





-7.2-il2.2 





-0.5-i0.3 
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Figure 2: The dependence of the branching ratios(xl0 ^) for B A'q (1430)0 on the CKM angle 7, where 
the solid (dashed) curve is for charged (neutral) channel. The left (right) panel is plotted in S1(S2) scenario. 

In both scenarios, the branching ratio of _B+ —> 7^9^(1430)0 is a bit larger than that of 5° A'g°(143O)0, 
and the difference is from the tree contribution in 5+ A'q^ (1430)0. Since there exists interference between 
tree and penguin diagrams in the charged channel, the direct CP asymmetry appears. So, we get the CP 
asymmetry of B^ TCq^ (1430)0 in the different scenarios as follows: 



A-*± (1430)0) 
X*± (1430)0) 



1.6%, 
1.9%. 



SI 
S2 



(45) 



As the neutral channel as concerned, there is no CP asymmetry as only penguin operators contribute to 
this channel. 

Although we set 7 = 70° in the above discussions, it is not measured accurately. In the following, we 
choose 7 as a free parameter and plot the branching ratios as a function of the angle 7 in both SI and S2, as 
shown in the Fig. 2 and Fig. 3. As seen from the figures, we note that both the branching ratios and the CP 
asymmetries in different scenarios are not sensitive to the phase 7. In the decay mode B^ 7^9^(1430)0, 
the tree contribution only appears in the annihilation diagrams, which are suppressed compared with the 
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Figure 3: The dependence of the CP asymmetry for — > A'g±(1430)(?!) on the CKM angle 7, where the 
soHd (dashed) curve is for SI (S2) scenario 

emission diagrams. Moreover, the CKM element iVubKisI of tree diagrams is smaller than |Vtf,Vts| of penguin 
diagrams. From this point of view, we can understand why the branching ratios and the CP asymmetries 
are not sensitive to the 7. 

In our calculation, the major uncertainties come from our lack of information about the scalar meson and 
heavy meson, involving the decay constants and the distribution amplitudes. The latter can be fitted from the 
well measured channels such as _B —> tttt, Xtt, the scalar one is not well ascertained. These uncertainties from 
the scalar meson can give sizable effects on the branching ratio, but the CP asymmetries are less sensitive 
to these parameters. In this work, for instance, the twist-3 distribution amplitudes of the scalar mesons 
are taken as the asymptotic form, which may give large uncertainties. The characters of the scalar mesons 
need to be studied in future work. The another uncertainty comes from the sub-leading order contributions 
in PQCD approach, which have also been neglected in the calculation. In Ref. [55], parts of sub-leading 
order ol B —t tttt, ttK have been calculated, and the results show that corrections can change the penguin 
dominated processes, for example, the quark loops and magnetic-penguin correction decrease the branching 
ratio of i? ^ ttK by about 20%. We expect the similar size of uncertainty in the decays we analyzed , since 
they are also dominated by the penguin operators. 

Here we give the results with the uncertainties as follows: 

B{B^ 
B{B- 

B{B^ 
B{B- 

In the above results, the first uncertainty comes from the decay constants, and the second one is from the 
uncertainties of Bl (B3) in the amplitude distributions of the scalar meson. The last one comes from the 



i^o*°(i43o)0) = (3.7iE;:?t°:ll?.7) x lo-^, 

A'r(143O)0) = (4.3tO:^t"„:itt^) X 10-6 ^1; 

A'o*"(143O)0) = {2i.&t\ltV^tf.i) X 10-^ 

A-*-(143O)0) ^ (25.6ti:™t6'5') X 10-« 52. (46) 
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uncertainty in the B meson shape parameter uj = (0.40 ± 0.05) GeV. This kind of imcertainties is extremely 
large. The change of the shape parameter will mainly affect the emission diagram including the B Kq 
form factor while the annihilation diagram, especially factorizable diagram, will not be affected sizably. 
Remember that the annihilation diagram could cancel part of contributions from emission diagram and thus 
the branching fractions are sizably changed due to the shape parameter. 
In the QCD factorization approach, the results are listed as [13] : 



B{B°- 


Ao*0(1430)</>) = 






B{B- - 


^K*-{U30)4>) = 


(1.0tS-J±°„1t^o°5') X 10"« 


SI; 




i^o*°(1430)<^) = 


(i6.9tl.?li-]l^i^:«) X lo-^ 




B{B- - 


.i^*-(1430)^) = 


(i7.3t^:?tl:^,tf2l) X io-«. 


S2 



(47) 

Comparing two group of results, we note that our central values are much large than the results from 
QCDF in both two scenarios. It is mostly because that the form factor derived from Eq. (PT]) is larger than 
F^^^^o ((j|2 = 0) = 0.21 (0.26) used in QCDF, which is calculated under SI (S2) scenario in the covariant 
light-front model [24j. In addition, our results suffer from contribution from the annihilation diagrams, as 
demonstrated in the Table. 1. In fact, the contribution from annihilation can take the major uncertainties 
in the QCDF, as shown in the Eq. ((47)) . 

In the SI, for the neutral channel, our result is agree with experimental data well, but the result of 
the charged one is smaller than the data, though it is consistent within theoretical uncertainties. In the 
S2, both results are much larger than the data. The predictions in both scenarios suffer from very large 
uncertainties from the hadronic input parameters. Fortunately, most of these uncertainties will cancel out 
when we consider the ratio of branching fractions. It is convenient to define the ratio 

^ r(i?") B{B^ -> cplQ^) 

t{B+) B{B" cbK*°) ' ^ ' 

which is predicted as 

R = 1.08 ±0.01, 5*1; 

R = 1.01 ±0.01. 52; (49) 

Using the two experimental results, one can easily obtain the experimental data for this ratio 

i?exp = 1-68 ±0.51, (50) 

where all uncertainties are added in quadrature. For this ratio, the uncertainties from theoretical predictions 
are small while the experimental data has large uncertainties. 

As a summary, we have studied the hadronic charmless decay mode B — > ii'Q (1430);/) within the framework 
of perturbative QCD approach in the standard model. Under two different scenarios, wc explored the 
branching ratios and related CP asymmetries. We find that besides the dominant contributions from the 



13 



factorization emission diagrams, the penguin operators in annihilation can change the ratio remarkably. The 
central value of our results are larger than those from QCD factorization. Compared with experimental data 
from BaBar, in the SI, the result of neutral channel is agree with experimental data well, but the result of 
the charged one is a bit smaller than the data, though it is consistent within theoretical uncertainties. In 
the S2, both results are much larger than the data but the uncertainties are typically large. The ratio of 
branching fractions is found to have small uncertainties in the theoretical side. 
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